INTRODUCTION
Although it is not yet fully acknowledged, it is likely that most secreted proteins are glycosylated.
One type is O-glycosylation, which is a post-translational event, where a carbohydrate is covalently linked to the hydroxyl group of serine or threonine. O-linked glycosylation serves a variety of functions in biology: They serve as ligands for selectins thereby mediating cell adhesion and leukocyte migration through endothelia. O-linked glycosylations confers resistance to proteolysis of stem regions of membrane proteins [1, 2] , and are involved in recognition phenomena [3] as sperm-egg binding [4] . Abberant short chained O-linked glycosylations which are found in a number of cancers, have been been used as tumor markers and may also be involved in the metastatic spread of tumor cells [5] . As a glycoprotein can can change glycosylation pattern if expressed in a non-native cell system and that this may introduce changes in function, expression rates and oligomerization, getting the glycosylation right have increasing implications for the biotechnological industri [6] . It is thus of basic biological as well as of functional interest to know the sites of O-glycosylation in a given glycoprotein. As experimental methods to determine O-glycosylation are cumbersome since they require solid phase Edman degradation, tools for predicting the sites of O-glycosylation from primary sequence are needed [7, 8, 9] . A compilation of known and verified O-glycosylation sites facilitates such research.
NEW FEATURES OF VERSION 2.0
Several cases of unprecedented O-linked glycosylations of prokaryotic glycoproteins have been included. One example is Pilin from N. Gonorrhoeae, where the site and sugar type of the glycoprotein was resolved by X-ray analysis [10] . Another example of prokaryotic glycosylation is the glycoprotein MPT 32 from Mycobacterium Tuberculosis, where the site of glycosylation recently has been resolved [11] . Secondly, O-glycosylation sites from insects as the antibacterial glyco-peptide Lebocin from the silkworm B. Mori [12] have been included. In order to facilitate easy access to other relevant information about the glycoprotein in question, entries have been extensively cross-referenced, not only to the sequence databases as SWISS-PROT, PIR and EMBL, but also to structural, homology and pattern specific databases such as PDB, PROSITE, HSSP, LISTA and MIM.
O-GLYCOSYLATION TYPES AND SEQUENCE MOTIFS
As only a minor fraction of serine and threonine residues are modified by glycosylation, sequence context or conformational rules which determine whether a given serine or threonine is O-glycosylated, must exist. Such an acceptor rule has been deduced for N-linked glycosylation of asparagine as the consensus tripeptide Asn-X-Ser/Thr, where X can be any residue except proline [13] . Motifs with Asn-X-Cys have also been found. No such clear consensus motif exists for the most abundant Mucin-type of O-glycosylation [7, 14, 15, 16] and neither for the mannose type of glycosylation.
Mucin type O-glycosylation is initiated by transfer of N-acetylgalactosamine to the hydroxy amino acids serine and threonine by a family of differentially expressed UDP-GalNAc polypeptide Nacetylgalactosaminyltransferases (GalNAc transferases) [17, 18, 19] in the cis-Golgi compartment [20] . Elongation of the O-linked oligosaccharide chain proceed in the subsequent Golgi compartments in a stepwise process specific for the expressing cell type. At least six other sugar types (Table   1) can be linked to serine or threonine by different glycosyltransferases. Different peptide acceptor motifs have been proposed for these transferases [21, 22, 23, 24, 25, 26] . It is therefore of importance to discriminate between the type of O-linked oligosaccharide before deducing the sequence acceptor motifs for the transferase in question (see fig. 1 ). However, for the common mucin type O-glycosylation, the proposed motifs [21, 22] account only for a fraction of the known mucin type O-glycosylation sites [7] . For the xylosyltransferase has deviations from the proposed motif SerGly-X-Gly, where X is any amino acid [26] , also been found [27] . The changes from the proposed consensus acceptor motifs of O-glycosyl transferases motivates a compilation of all known O-linked glycosylation sites and a re-interpretation of the sequence acceptor patterns. Solving the problem of acceptor specificity of O-glycan transferases may have to take into account that O-glycosylation is a post-translational process proceeding after N-glycosylation and folding [20] . Thus the accessibility of the transferase is restricted to exposed surface residues of the glycoprotein. O-glycosylation of a given site may therefore be dependent of the overall structure of the protein [28] . Sequence acceptor motifs which are O-glycosylated at the surface of glycoproteins, may therefore not be Oglycosylated if buried in the hydrophobic core of the protein. Predicting O-glycosylated sites with confidence therefore implicitly includes prediction of the surface exposure of a given site, which is much more complex than a simple consensus motif.
DATA SOURCES
Proteins with a carbohydrate assigned either to a serine or a threonine residue were extracted from the 1996 versions of SWISS-PROT [29] (release 33.00) as well as directly from recently published reports. All entries were checked by consulting the original references and a revision was performed if necessary. One example is glycophorin A, which recently has been revised to contain 16 O-glycosylation sites [22] . Revision of O-glycan assignments (either number or position) was performed in 20 % of the entries. In general the information of the primary databases was reliable, but care should be taken before concluding that a given serine or threonine is not glycosylated if not mentioned in the feature table. All erroneous assignments in the primary database were communicated to the database administrator.
As discussed earlier by Gooley and colleagues [16] there exist differences between glycosylation sites deduced from in vitro glycosylated peptides from glycoproteins and glycosylation sites deduced from Edman degradation of the same in vivo glycosylated glycoprotein. This fact has know been confirmed in an very elegant way by Tabak and colleagues [30] using a chimeric reporter protein containing the acceptor site expressed in COS7 cells. However, we have included both in vitro and in vivo data in the database. When differences appear regarding glycosylation sites as a cause the experimental technique, this will be noted in the database in the comment field. 
DESCRIPTION

PREDICTION OF MUCIN TYPE O-GLYCOSYLATION
To predict whether recently sequenced proteins contain putative mucin type O-glycosylation sites we have developed an algorithm to predict mucin type O-glycosylation sites from the primary structure [7] . The method is based on artificial neural networks, renowned for their ability to recognize even highly complex and nonlinear sequence patterns [31, 32, 33] . The networks were trained on a nonredundant mammalian extract of O-GLYCBASE and the performance of the predictions were tested on two independent test. This was done in order to estimate the range of performance on a given new sequence. As the sequence context around O-glycosylated serines differed from threonine ( Figure   2 ) these were treated separately. The networks recognized 60-95 % of the O-glycosylation sites in the two independent test sets. Details of the network architectures used, training procedures, test set selection and validation are given in Hansen et al. [7] . The accuracy of the method is mainly dependent of size of the dataset used during training. As new mucin type glycosylation sites are deduced every year an updated non-redundant dataset can be constructed. We are therfore currently updating the NetOglyc algorithm to version 2.0 using an enlarged dataset (will be published elsewhere 
Quality and completeness of data and future directions
The redundancy has been minimized by removing all identical sequences. For some sequnces conflicting data regarding glycosylation assignments appear in the literature for the same glycoprotein.
This information is included with notification of the conflict in the comment field. The aim has been to include all O-glycosylated proteins where the exact position of O-glycosylation is known. Comparison to the original papers and comparison with different databases has been used to minimize errors. However, there may still be sites in the database which should be assigned as glycosylated as the recent revision of glycophorin A shows [22] . New entries will be included as they are published or submitted directly to the database. Users of the database are encouraged to provide corrections, comments, or new material for the database; unpublished material will be held confidential at the request of the authors. The administrator of the database can be contacted by E-Mail: janhan@cbs.dtu.dk.
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We encourage users of the database to quote this paper. [34, 7] shown in logo form [35] [45, 46] 
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